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Abstract
Background: We reported that human T cell leukemia virus 1 (HTLV-1) infection is positively associated with
atherosclerosis. Recent evidence has revealed a close association of periodontitis with atherosclerosis, endothelial
dysfunction, and disruption of the microcirculation. However, the association between HTLV-1 and advanced
periodontitis has not been investigated to date. Since hematopoietic activity is closely linked to endothelial
maintenance activity and is known to decline with age, we hypothesized that the state of hematopoietic activity
influenced the association between HTLV-1 and advanced periodontitis in elderly participants.
Methods: A cross-sectional study was performed including 822 elderly participants aged 60–99 years who
participated in a dental health check-up. Advanced periodontitis was defined as a periodontal pocket ≥ 6.0 mm.
Participants were classified as having low or high hematopoietic activity according to the median values of
reticulocytes.
Results: HTLV-1 infection was positively related to advanced periodontitis among participants with lower
hematopoietic activity (lower reticulocyte count), but not among participants with higher hematopoietic activity
(higher reticulocyte count). The adjusted odds ratio (95% confidence interval) considering potential confounding
factors was 1.92 (1.05–3.49) for participants with a lower reticulocyte count and 0.69 (0.35–1.36) for participants with
a higher reticulocyte count.
Conclusions: Among elderly participants, the association between HTLV-1 infection and advanced periodontitis is
influenced by hematopoietic activity. Since hematopoietic activity is associated with endothelial maintenance, these
findings provide an efficient tool for clarifying the underlying mechanism of the progression of periodontitis among
elderly participants.
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Background
Human T cell leukemia virus 1 (HTLV-1) is an oncogenic retrovirus affecting individuals worldwide, although the southern part of Japan is known as a highly
endemic region for HTLV-1 infection [1]. In Japan, the
number of HTLV-1 carriers was estimated to be approximately 1.2 million during the late 1980s [2]. The
majority of HTLV-1 carriers remain asymptomatic
throughout their lives [3–6]. However, we previously
identified a positive association of asymptomatic HTLV1 infection with atherosclerosis [7], which is the result of
endothelial dysfunction [8].
In addition, recent studies have revealed that periodontitis is closely associated with atherosclerosis [9],
endothelial dysfunction [10, 11], and disruption of
microcirculation [12, 13]. Periodontitis is one of the
major causes of tooth loss, resulting in a significant decrease in the quality of life of elderly participants [14];
however, the association between HTLV-1 infection and
advanced periodontitis among elderly participants remains unknown.
In addition, bone marrow activity (hematopoietic activity) has been recently identified to be associated with
endothelial maintenance [15–17]; reticulocyte levels, a
marker of hematopoietic activity, were found to be associated with the activity of endothelial maintenance in
elderly Japanese individuals [18]. Since aging is also well
known to be associated with a reduction in
hematopoietic activity as the bone marrow function declines [19–21], hematopoietic activity can be expected to
influence the observed association between HTLV-1 infection and advanced periodontitis among elderly participants. Therefore, clarifying the role of reticulocyte levels
in mediating the association between HTLV-1 infection
and advanced periodontitis could provide an efficient
tool for elucidating the mechanism underlying the progression of periodontitis in the elderly.
To evaluate this hypothesis, we conducted a crosssectional study to examine the influence of
hematopoietic activity (assessed by reticulocyte counts)
on the association between HTLV-1 and advanced periodontitis among 822 elderly participants that received
an annual dental health check-up from 2016 to 2018.
Methods
Study population

The study population comprised a total of 1925 participants (702 men and 1223 women) aged 60–99 years
from Goto city in the western part of Japan who participated in an annual health check-up with oral assessment
in 2016–2018. This annual check-up program is conducted by the local government and directed by the
Ministry of Health, Labor and Welfare in Japan. Owing
to the shortage of staff to conduct the health check-up
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in the present survey, the entire city could not be surveyed in 1 year. Therefore, we conducted the survey in
different parts of the city over a period of 3 years to ensure that all areas of Goto city were covered. Nevertheless, no individual in the population overlapped among
the 3 years of the study. Participants were excluded if
there were no carotid intima-media thickness (CIMT)
data (n = 4) or laboratory data (n = 3) available, or if they
had less than 10 remaining teeth (n = 1078). Since
anemia (low levels of hemoglobin, Hb) has been reported to be associated with periodontitis [22, 23] and
HTLV-1 infection [24], anemia was considered to be a
strong confounding factor for the present analysis; therefore, we excluded participants diagnosed with anemia
(Hb < 11 g/dL; n = 15). We also excluded participants
without available HTLV-1 data (n = 3). The remaining
participants, comprising 326 men and 496 women, were
ultimately included for analysis.
Data collection and laboratory measurements

A trained interviewer obtained the information on
smoking status. Body weight and height were measured
while the participant was in bare feet and wearing light
clothing using an automatic body composition analyzer
(BF-220; Tanita, Tokyo, Japan). Body mass index was
calculated as weight (kg)/height (m)2.
Blood samples were collected into EDTA-2K tubes
and siliconized tubes, and all measurements were conducted according to standard automated laboratory procedures at SRL, Inc. (Tokyo, Japan). The parameters
tested included red blood cell (RBC) count, reticulocyte
count, Hb level, and serum creatinine level. Reticulocyte
count was calculated with the following formula: reticulocytes (× 104 cells/μL) = (reticulocytes, ‰) × RBC (× 104
cells/μL)/1000. The glomerular filtration rate (GFR) was estimated according to an established method with three
modifications recently proposed by a working group of the
Japanese Chronic Kidney Disease Initiative [25]. According
to this adaptation, GFR (mL min/1.73 m2) = 194 × [serum
creatinine (enzyme method)]−1.094 × (age)−0.287 × (0.739 for
women).
Measurement of CIMT

CIMT was measured by an experienced vascular technician based on ultrasonography of the left and right common carotid arteries using a LOGIQ Book XP with a 10MHz transducer (GE Healthcare, Milwaukee, WI, USA).
Mean values for the left and right CIMT were calculated with automated digital edge-detection software
(Intimascope; MediaCross, Tokyo, Japan) according to
a previously described protocol [26]. The values of
right and left CIMT, not including plaque measurements, were then calculated, and the mean CIMT
value was used for analysis.
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Detection of HTLV-1

A chemiluminescent enzyme immunoassay (CLEIA) kit
was used to detect the presence of HTLV-1 (Fujirebio
Inc., Tokyo, Japan) according to the manufacturer’s
instructions.
Oral examination

Trained dentists performed a periodontal examination
according to a modified method of the Third National
Health and Nutrition Examination Survey [27]. Probing
pocket depth was measured using a periodontal probe at
the mesio-buccal and mid-buccal sites for all present
teeth, excluding the third molars. Advanced periodontitis was diagnosed as a probing pocket depth ≥ 6 mm.
Prior to the start of the study, all examiners were trained
in the same manner and their assessments were calibrated using a chart, periodontal models, and volunteers
at Nagasaki University Hospital.
Statistical analysis

The median value for the reticulocyte count (5.175 × 104
cells/μL for men and 4.926 × 104 cells/μL for women)
was set as the cutoff point for classifying the participants
into those with low and high hematopoietic activity. The
differences in mean values or proportions of reticulocyte
levels were analyzed in relation to HTLV-1 status. Significant differences were evaluated using analysis of variance (ANOVA) for continuous variables and chi-squared
test for proportion data.
Logistic regression models were used to calculate odds
ratios (ORs) and 95% confidence intervals (CIs) to determine the association between HTLV-1 infection and advanced periodontitis. Since aging influences the
hematopoietic activity, which in turn influences erythropoietin production, the participants were stratified according to their hematopoietic activity (maintained or
reduced hematopoiesis) based on the level of reticulocytes (high or low).
Periodontitis risk factors with a direct influence on the
intra-oral environment, such as smoking [28] and number of remaining teeth, were regarded as potential confounding factors in the present analysis. Although no
significant correlation between caries (decayed teeth)
and periodontitis has been observed in previous studies,
both conditions have a common etiology [29, 30]. Therefore, we also included the presence of decayed teeth as a
confounding factor in the present analysis. In addition, a
low level of Hb can stimulate reticulocyte production
and was reported to be associated with more aggressive
forms of periodontitis [22], while high levels of Hb are
associated with increased arterial stiffness (atherosclerosis) [31]. Since CIMT was reported to be positively associated with periodontitis [9], we included both Hb and
CIMT as confounding factors in the model.
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In addition, hemoglobin level is known to be associated with renal function [32] as well as increased arterial
stiffness, as evaluated by the cardio-ankle vascular index
(CAVI) [31]. CIMT is known to be associated with
hematopoietic activity [33]. Moreover, hematopoietic activity serves as a determining factor for the association
between chronic kidney disease and CIMT [34] and for
the association between CAVI and CIMT [35]. Therefore, we also included renal function as a confounding
factor in the model, which was evaluated by the GFR.
Although endothelial dysfunction is a common initial
mechanism leading to atherosclerosis and renal dysfunction [8], the model further adjusted for GFR could
present a risk of multicollinearity. Therefore, we established three distinct models to adjust for these confounding factors. The first model was adjusted for only
sex and age (model 1); the second model (model 2) included the other potential confounding factors, namely
smoking status (never-smoker, former smoker, or
current smoker), number of remaining teeth, decayed
teeth (yes/no), CIMT (mm), and Hb (g/dL). The last
model (model 3) was the one further adjusted for GFR.
All statistical analyses were performed with the SAS
system for Windows (version 9.4: SAS Inc., Cary, NC,
USA). Values of p < 0.05 were regarded as statistically
significant.

Results
General characteristics of the study population

Among the total 822 participants with a mean ± standard deviation (SD) age of 71.2 ± 6.7 years, 140 (17.0%)
showed an HTLV-1-positive status and 181 (22.0%) were
diagnosed as having advanced periodontitis; 411 participants had low hematopoietic activity (i.e., a low reticulocyte level).
Table 1 shows the reticulocyte level-specific characteristics of the study population according to the HTLV-1
infection status. No significant associations were observed for participants with lower hematopoietic activity,
whereas participants with higher hematopoietic activity
and HTLV-1 infection were significantly older than
those without HTLV-1 infection.
Association between advanced periodontitis and HTLV-1

As shown in Table 2, there was no significant association
between HTLV-1 infection and advanced periodontitis
among the total participants. However, HTLV-1 infection was significantly positively associated with advanced
periodontitis for participants with lower hematopoietic
activity, but not for those with higher hematopoietic activity (Table 3). In addition, a significant interaction was
observed in model 1 and model 2 between HTLV-1 status and hematopoietic activity level (low vs. high) with
respect to advanced periodontitis. After further
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Table 1 Characteristics of study population
Reticulocyte count levels
Low

High
p

HTLV-1 infection
(−)

(+)

(−)

No of subjects

345

66

No of advanced periodontitis (%)

72 (20.9)

21 (31.8)

0.052

p

HTLV-1 infection
(+)

337

74

75 (22.3)

13 (17.6)

0.375

Men, %

40.9

33.3

0.253

39.5

40.5

0.865

Age, year

71.7 ± 7.0

72.8 ± 6.5

0.209

70.2 ± 6.3

72.3 ± 6.5

0.010

Current smoker, %

3.8

7.6

0.167

8.0

4.1

0.237

Former smoker, %

25.8

19.7

0.294

22.0

23.0

0.850

No of remaining teeth

22.3 ± 5.3

23.4 ± 4.9

0.125

22.9 ± 5.2

22.6 ± 4.8

0.574

Individuals with decayed teeth, %

28.1

28.8

0.912

27.9

25.7

0.700

CIMT, mm

0.71 ± 0.13

0.73 ± 0.12

0.321

0.70 ± 0.13

0.72 ± 0.14

0.299

Hemoglobin, g/dL

13.6 ± 1.2

13.4 ± 1.2

0.191

14.1 ± 1.3

13.8 ± 1.1

0.156

Reticulocyte, × 10 cells/μL

3.871 ± 0.744

3.874 ± 0.788

0.978

6.490 ± 1.523

6.747 ± 3.019

0.286

GFR, mL/min/1.73m2

70.5 ± 13.1

67.9 ± 14.1

0.135

70.3 ± 15.0

70.7 ± 14.6

0.833

4

Values: mean ± 1 standard deviation (SD). Advanced periodontitis is defined as periodontal pocket ≥ 6.0 mm. Low reticulocyte levels were < 5.175 × 104 cells/μL for
men and < 4.926 × 104 cells/μL for women
CIMT carotid intima-media thickness, GFR glomerular filtration rate

adjustment for GFR (model 3), the interaction showed
marginal significance.
Sensitivity analysis according to the quartile of reticulocyte levels demonstrated associations between HTLV-1
infection and advanced periodontitis, similar to the main
results.

Discussion
The major finding of the present study is that HTLV-1
infection is positively associated with advanced periodontitis only among elderly participants with lower
hematopoietic activity (a lower reticulocyte count).
A previous case-controlled cross-sectional study including 42 periodontally healthy individuals, 64 HTLV1-seronegative individuals presenting with chronic
Table 2 Odds ratios (ORs) and 95% confidence intervals (CIs) for
advanced periodontitis in relation to human T cell leukemia
virus-1 (HTLV-1) infections
p

HTLV-1 infection
(−)

(+)

No of subjects

682

140

No of case (%)

147 (21.6)

34 (24.3)

Model 1

1.00

1.15 (0.75, 1.77)

0.523

Model 2

1.00

1.18 (0.76, 1.83)

0.458

Model 3

1.00

1.18 (0.76, 1.83)

0.462

Advanced periodontitis is defined as periodontal pocket ≥ 6.0 mm. Model 1:
adjusted only for sex and age. Model 2: adjusted further for smoking status
(never, former, current), remained number of teeth, status of decayed teeth
(presence, absence), carotid intima-media thickness (CIMT), and hemoglobin.
Model 3: adjusted further for glomerular filtration rate (GFR)

periodontitis, and 36 individuals with chronic periodontitis with HTLV-1-seropositive HTLV-1-associated myelopathy (HAM)/symptomatic tropical spastic paraparesis
(TSP) revealed that HTLV-1 may play a critical role in
the pathogenesis of periodontal disease through deregulation of the local cytokine network [36].
In the present study, we found further evidence that
HTLV-1 infection is positively associated with advanced
periodontitis among participants with low reticulocyte
levels, even though most of the participants were
asymptomatic.
Periodontitis has been shown to be closely associated
with atherosclerosis [9], endothelial dysfunction [10, 11],
and disruption of the microcirculation [12, 13], and low
levels of erythrocytes and Hb are positively associated
with periodontitis [22, 23]. In addition, reticulocyte
levels are reported to be inversely associated with
CIMT in elderly Japanese individuals [18]. Therefore,
maintaining higher levels of hematopoietic activity
(i.e., a high reticulocyte level) should protect against
the progression of periodontitis in elderly participants.
However, we found a similar prevalence of advanced
periodontitis in participants with low (22.6%) and
high (21.4%) hematopoietic activity, as assessed by the
reticulocyte count.
Aging is known to be associated with a decline of bone
marrow activity (reduction in hematopoietic activity)
[19–21] and also contributes to endothelial dysfunction
via increasing oxidative stress [37, 38]. Since the
hematopoietic activity in elderly participants is determined by both of these age-related factors, higher
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Table 3 Odds ratios (ORs) and 95% confidence intervals (CIs) for advanced periodontitis in relation to human T cell leukemia virus-1
(HTLV-1) infections by status of reticulocyte count levels
Reticulocyte count levels

Interaction

Low

High
p

HTLV-1 infection

p

p

0.67 (0.34, 1.30)

0.238

0.036

1.00

0.69 (0.35, 1.36)

0.283

0.039

1.00

0.70 (0.35, 1.37)

0.295

0.050

HTLV-1 infection

(−)

(+)

(−)

(+)

345

66

337

74

No of case (%)

72 (20.9)

21 (31.8)

75 (22.3)

13 (17.6)

Model 1

1.00

1.85 (1.03, 3.32)

0.040

1.00

Model 2

1.00

1.92 (1.05, 3.49)

0.034

Model 3

1.00

1.89 (1.04, 3.45)

0.038

No of subjects

Advanced periodontitis is defined as periodontal pocket ≥ 6.0 mm. Low reticulocyte levels were <5.175×10 cells/μL for men and <4.926×10 cells/μL for
women. Model 1: adjusted only for sex and age. Model 2: adjusted further for smoking status (never, former, current), remained number of teeth, status of
decayed teeth (presence, absence), carotid intima-media thickness (CIMT), and hemoglobin. Model 3: adjusted further for glomerular filtration rate (GFR)
4

hematopoietic activity can help to maintain endothelial
function even if the magnitude of endothelial damage is
severe [17, 18]. In other words, elderly participants with
lower hematopoietic activity would have more difficulty
in maintaining endothelial function, regardless of the severity of age-related endothelial dysfunction. We previously reported an ambivalent association of reticulocytes
in hypertension and atherosclerosis (endothelial dysfunction), in which hypertension and atherosclerosis showed
a significantly positive association; however, hypertension
showed a significantly positive association with reticulocytes while atherosclerosis showed a significantly inverse
association with reticulocytes [18]. The present study
partly supports the abovementioned mechanism by indicating that the reticulocyte level serves as an indicator of
not only endothelial damage but also endothelial repair
activity. Furthermore, this study suggests that individuals
with high levels of reticulocytes should have a higher capacity of endothelial maintenance compared to those with
low levels of reticulocytes.
In addition, HTLV-1 infection is reported to be positively associated with atherosclerosis [7]. Therefore,
compared to participants without HTLV-1 infection,
HTLV-1-infected participants might have a greater degree of endothelial dysfunction, which can increase the
risk of periodontitis [9–13]. This relationship between
hematopoietic activity and endothelial function explains
the significantly positive association between HTLV-1
infection and advanced periodontitis only in participants
with lower hematopoietic activity (lower endothelial repair activity).
Furthermore, a significant interaction was observed
between HTLV-1 status and hematopoietic activity level
(low vs. high) with respect to advanced periodontitis.
These results also support the abovementioned mechanism by indicating that hematopoietic activity levels could
act as a determinant of the association between HTLV-1
and advanced periodontitis.

4

Some potential limitations of this study warrant consideration. Although the age-related endothelial dysfunction should have an influence on the association
between HTLV-1 infection and advanced periodontitis,
no data on endothelial function were available to directly
assess this relationship. Thus, further analyses that include endothelial function-related data such as flowmediated dilation [39] will be necessary.
Owing to the lack of knowledge regarding the determination of the exact cutoff point, the median values of
reticulocytes were used for the present analysis. Further
investigation is necessary to clarify whether the balance
between endothelial damage and endothelial repair that
contributes to endothelial maintenance can help to determine the exact cutoff point for the present associations. In addition, because this was a cross-sectional
study, causal relationships could not be established.
Nevertheless, the association identified provides new insights into the potential mechanisms mediating the relationship between HTLV-1 and periodontitis, highlighting
the importance of maintaining hematopoietic activity for
the overall health of elderly participants.

Conclusions
HTLV-1 infection is positively associated with advanced
periodontitis among elderly participants with lower
hematopoietic activity (a lower reticulocyte count) but not
among elderly participants with higher hematopoietic activity (a higher reticulocyte count). Since elderly participants
with higher hematopoietic activity should have higher
tissue-repairing activity [40] with a protective effect against
periodontitis progression [23], these findings can help to
clarify the underlying mechanism contributing to the progression of periodontitis among elderly participants.
Abbreviations
ANOVA: Analysis of variance; CIMT: Carotid intima-media thickness;
CIs: Confidence intervals; CLEIA: Chemiluminescent enzyme immunoassay;
HAM: HTLV-1-associated myelopathy; Hb: Hemoglobin; HTLV-1: Human T cell

Shimizu et al. Environmental Health and Preventive Medicine

(2019) 24:42

leukemia virus 1; ORs: Odds ratios; RBC: Red blood cell; SD: Standard
deviation; TSP: Tropical spastic paraparesis
6.
Acknowledgements
We are grateful to the staff of Goto city office for their outstanding support.
We would like to thank Editage (www.editage.jp) for English language
editing.
Authors’ contributions
YS designed the study, performed the statistical analyses, interpreted the
data, and drafted and revised the manuscript. HY, MK, RF, TI, HF, HH, KoK,
KaK, SY.K, TS, and AK assisted with the study design, were involved in data
collection, and checked the manuscript. HY, SY.K, and TM participated in the
study concept and checked the manuscript. TM was the general coordinator
and designed the study. All authors read and approved the final manuscript.
Funding
This study was supported by Grants-in-Aid for Scientific Research from the
Japan Society for the Promotion of Science (No. 18K06448, No. 17H03740).
Availability of data and materials
The datasets generated during and/or analyzed during the current study are
not publicly available due to ethical consideration but are available from the
corresponding author on reasonable request.

7.

8.
9.

10.
11.

12.

13.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of Nagasaki University
Graduate School of Biomedical Sciences (project registration number
14051404). All procedures involving human participants were performed in
accordance with the ethical standards of the institution research committee
and with the 1964 Helsinki Declaration and its later amendments for
comparable ethical standards.

14.
15.

16.
Consent for publication
Not applicable
17.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Community Medicine, Nagasaki University Graduate School
of Biomedical Sciences, Nagasaki-shi, Sakamoto 1-12-4, Nagasaki 852-8523,
Japan. 2Department of Cardiovascular Disease Prevention, Osaka Center for
Cancer and Cardiovascular Diseases Prevention, Osaka, Japan. 3Department
of General Medicine, Nagasaki University Hospital, Nagasaki, Japan.
4
Department of Oral Health, Nagasaki University Graduate School of
Biomedical Sciences, Nagasaki, Japan. 5Department of Community Oral
Health, School of Dentistry, Asahi University, Gifu, Japan. 6Community
Medical Network Center, Nagasaki University Hospital, Nagasaki, Japan.
7
Department of Immunology and Rheumatology, Nagasaki University
Graduate School of Biomedical Sciences, Nagasaki, Japan. 8Department of
Island and Community Medicine, Nagasaki University Graduate School of
Biomedical Sciences, Nagasaki, Japan.
Received: 11 January 2019 Accepted: 29 May 2019

References
1. Gessain A, Cassar O. Epidemiological aspects and world distribution of
HTLV-1 infection. Front Microbiol. 2012;3:388.
2. Tajima K. The 4th nation-wide study of adult T-cell leukemia/lymphoma
(ATL) in Japan: estimates of risk of ATL and its geographical and clinical
features. The T- and B-cell Malignancy Study Group. Int J Cancer. 1990;45(2):
237–43.
3. Yamaguchi K, Watanabe T. Human T lymphotropic virus type-I and adult Tcell leukemia in Japan. Int J Hematol. 2002;76(Suppl 2):240–5.
4. Murphy EL, Hanchard B, Figueroa JP, Gibbs WN, Lofters WS, Campbell M, et
al. Modelling the risk of adult T-cell leukemia/lymphoma in persons infected
with human T-lymphotropic virus type I. Int J Cancer. 1989;43(2):250–3.
5. Kaplan JE, Osame M, Kubota H, Igata A, Nishitani H, Maeda Y, et al. The risk
of development of HTLV-I-associated myelopathy/tropical spastic

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

Page 6 of 7

paraparesis among persons infected with HTLV-I. J Acquir Immune Defic
Syndr. 1990;3(11):1096–101.
Maloney EM, Cleghorn FR, Morgan OS, Rodgers-Johnson P, Cranston B, Jack
N, et al. Incidence of HTLV-I-associated myelopathy/tropical spastic
paraparesis (HAM/TSP) in Jamaica and Trinidad. J Acquir Immune Defic
Syndr Hum Retrovirol. 1998;17(2):167–70.
Yamanashi H, Koyamatsu J, Nagayoshi M, Shimizu Y, Kawashiri SY, Kondo H,
et al. Human T-cell leukemia virus-1 infection is associated with
atherosclerosis as measured by carotid intima-media thickness in Japanese
community-dwelling older people. Clin Infect Dis. 2018;67(2):291–4.
Endemann DH, Schiffrin EL. Endothelial dysfunction. J Am Soc Nephrol.
2004;15(8):1983–92.
Hayashida H, Saito T, Kawasaki K, Kitamura M, Furugen R, Iwasaki T, et al.
Association of periodontitis with carotid artery intima-media thickness and
arterial stiffness in community-dwelling people in Japan: the Nagasaki
Islands study. Atherosclerosis. 2013;229(1):186–91.
Gurav AN. The implication of periodontitis in vascular endothelial
dysfunction. Eur J Clin Invest. 2014;44(10):1000–9.
Holtfreter B, Empen K, Gläser S, Lorbeer R, Völzke H, Ewert R, et al.
Periodontitis is associated with endothelial dysfunction in a general
population: a cross-sectional study. PLoS One. 2013;8(12):e84603.
Lira-Junior R, Figueredo CM, Bouskela E, Fischer RG. Severe chronic
periodontitis is associated with endothelial and microvascular dysfunctions:
a pilot study. J Periodontol. 2014;85(12):1648–57.
Boillot A, Bouchard P, Moss K, Offenbacher S, Czernichow S. Periodontitis
and retinal microcirculation in the Atherosclerosis Risk in Communities
study. J Clin Periodontol. 2015;42(4):342–9.
Ong G. Periodontal reasons for tooth loss in an Asian population. J Clin
Periodontol. 1996;23(4):307–9.
Takakura N, Watanabe T, Suenobu S, Yamada Y, Noda T, Ito Y, et al. A role
for hematopoietic stem cells in promoting angiogenesis. Cell. 2000;102(2):
199–209.
Yamada Y, Takakura N. Physiological pathway of differentiation of
hematopoietic stem cell population into mural cells. J Exp Med. 2006;203(4):
1055–65.
Shi Q, Rafii S, Wu MH, Wijelath ES, Yu C, Ishida A, et al. Evidence for
circulating bone marrow-derived endothelial cells. Blood. 1998;92(2):362–7.
Shimizu Y, Kawashiri SY, Yamanashi H, Koyamatsu J, Fukui S, Kondo H, et al.
Reticulocyte levels have an ambivalent association with hypertension and
atherosclerosis in the elderly: a cross-sectional study. Clin Interv Aging. 2019;
14:849-57.
Brusnahan SK, McGuire TR, Jackson JD, Lane JT, Garvin KL, O'Kane BJ, et al.
Human blood and marrow side population stem cell and Stro-1 positive
bone marrow stromal cell numbers decline with age, with an increase in
quality of surviving stem cells: correlation with cytokines. Mech Ageing Dev.
2010;131(11–12):718–22.
Garvin K, Feschuk C, Sharp JG, Berger A. Does the number or quality of
pluripotent bone marrow stem cells decrease with age? Clin Orthop Relat
Res. 2007;465:202–7.
Cooper B. The origins of bone marrow as the seedbed of our blood: from
antiquity to the time of Osler. Proc (Bayl Univ Med Cent). 2011;24(2):115–8.
Anand PS, Sagar DK, Ashok S, Kamath KP. Association of aggressive
periodontitis with reduced erythrocyte counts and reduced hemoglobin
levels. J Periodontal Res. 2014;49(6):719–28.
Hutter JW, van der Velden U, Varoufaki A, Huffels RA, Hoek FJ, Loos BG.
Lower numbers of erythrocytes and lower levels of hemoglobin in
periodontitis patients compared to control subjects. J Clin Periodontol.
2001;28(10):930–6.
Chaturvedi AK, Wilson M, Sanders-Lewis KA, Katki HA, Urquhart N, Walters
MA, et al. Hematologic and biochemical changes associated with human T
lymphotropic virus type 1 infection in Jamaica: a report from the
population-based blood donors study. Clin Infect Dis. 2007;45(8):975–82.
Imai E, Horio M, Watanabe T, Iseki K, Yamagata K, Hara S, et al. Prevalence of
chronic kidney disease in the Japanese general population. Clin Exp
Nephrol. 2009;13(6):621–30.
Hara T, Takamura N, Akashi S, Nakazato M, Maeda T, Wada M, et al.
Evaluation of clinical markers of atherosclerosis in young and elderly
Japanese adults. Clin Chem Lab Med. 2006;44(7):824–9.
Brown LJ, Brunelle JA, Kingman A. Periodontal status in the United States,
1988–1991: prevalence, extent, and demographic variation. J Dent Res.
1996;75 Spec:672–83.

Shimizu et al. Environmental Health and Preventive Medicine

(2019) 24:42

28. Nociti FH Jr, Casati MZ, Duarte PM. Current perspective of the impact of
smoking on the progression and treatment of periodontitis. Periodontol
2000. 2015;67(1):187–210.
29. Saotome Y, Tada A, Hanada N, Yoshihara A, Uematsu H, Miyazaki H, et al.
Relationship of cariogenic bacteria levels with periodontal status and root
surface caries in elderly Japanese. Gerodontology. 2006;23(4):219–25.
30. Frentzen M, Schüler N, Nolden R. Correlation between caries prevalence
(DMFS) and periodontal condition (CPITN) in more than 2000 patients. Int
Dent J. 1990;40(5):313–8.
31. Shimizu Y, Nakazato M, Sekita T, Kadota K, Yamasaki H, Takamura N, et al.
Association between hemoglobin levels and arterial stiffness for general
Japanese population in relation to body mass index status: the Nagasaki
Islands study. Geriatr Gerontol Int. 2014;14(4):811–8.
32. Shimizu Y, Sato S, Koyamatsu J, Yamanashi H, Nagayoshi M, Kadota K, et al.
Associations between renal impairment and anemia in older, rural Japanese
men: the Nagasaki Island study. J Physiol Anthropol. 2014;33:7.
33. Shimizu Y, Sato S, Koyamatsu J, Yamanashi H, Nagayoshi M, Kawashiri SY, et
al. Hepatocyte growth factor and carotid intima-media thickness in relation
to circulating CD34-positive cell levels. Environ Health Prev Med. 2018;23(1):
16.
34. Shimizu Y, Yamanashi H, Noguchi Y, Koyamatsu J, Nagayoshi M, Kiyoura K,
et al. Association between chronic kidney disease and carotid intima-media
thickness in relation to circulating CD34-positive cell count among
community-dwelling elderly Japanese men. Atherosclerosis. 2019;283:85–91.
35. Shimizu Y, Yamanashi H, Noguchi Y, Koyamatsu J, Nagayoshi M, Kiyoura K,
et al. Cardio-ankle vascular index and circulating CD34-positive cell levels as
indicators of endothelial repair activity in older Japanese men. Geriatr
Gerontol Int. 2019. In press.
36. Garlet GP, Giozza SP, Silveira EM, Claudino M, Santos SB, Avila-Campos MJ,
et al. Association of human T lymphotropic virus 1 amplification of
periodontitis severity with altered cytokine expression in response to a
standard periodontopathogen infection. Clin Infect Dis. 2010;50(3):e11–8.
37. Paneni F, Osto E, Costantino S, Mateescu B, Briand S, Coppolino G, et al.
Deletion of the activated protein-1 transcription factor JunD induces
oxidative stress and accelerates age-related endothelial dysfunction.
Circulation. 2013;127(11):1229–40 e1–21.
38. Andriollo-Sanchez M, Hininger-Favier I, Meunier N, Venneria E, O'Connor JM,
Maiani G, et al. Age-related oxidative stress and antioxidant parameters in
middle-aged and older European subjects: the ZENITH study. Eur J Clin
Nutr. 2005;59(Suppl 2):S58–62.
39. Rodriguez-Miguelez P, Seigler N, Harris RA. Ultrasound assessment of
endothelial function: a technical guideline of the flow-mediated dilation
test. J Vis Exp. 2016;(110).
40. Gafter-Gvili A, Zingerman B, Rozen-Zvi B, Ori Y, Green H, Lubin I, et al.
Oxidative stress-induced DNA damage and repair in human peripheral
blood mononuclear cells: protective role of hemoglobin. PLoS One. 2013;
8(7):e68341.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

